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(54) integrated light and accessory assembly 

(57) The present invention relates to lighting and 
lighting assemblies, and particularly to lighting assem- 
blies having lighting and other functions for automotive 
and vehicular applications. The assembly includes at 
least one lamp for illumination of a vehicle, and also in- 
cludes reflective, conductive and insulafrve portions in- 
side a housing, and a module for controlling or acces- 
sorizing the assembly. Also disclosed is a method of 
manufacturing the assembly. The method includes pro- 



viding materials for molding or shaping the components 
of the assembly, selectively etching conductive materi- 
als, molding the materials into a desired configuration, 
connecting a lamp and an accessory module to the con- 
ductive portions, and enclosing the components in a 
housing. A portion of the module may be removed for 
emergency lighting. 
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Description 

Field of the Invention 

[0001] The present invention relates to lighting and 
lighting assemblies, and particularly to lighting assem- 
blies having lighting and other functions for automotive 
and vehicular applications. 

Background of the Invention 

[0002] A typical vehicle has many lights on its exterior, 
including standard low-beam headlights, high-beam 
headlights, parking lights, turn indicator lights, fog lights, 
side-indicator lights, running lights, back-up lights, 
brake lights, and so on. The exterior lights used on ve- 
hicles generally, and especially on passenger automo- 
biles, are made from many small parts. These parts add 
cost and complexity to the structure of the various light- 
ing assemblies. The parts and materials used in these 
lights must have many properties and meet many re- 
quirements for satisfactory application. 
[0003] These requirements include electrical conduc- 
tivity in some parts and electrical resistance in others. 
Some parts or portions of parts must be highly reflective 
in order for best utilization of the lamp, while other parts 
must have high strength and high rigidity in order forthe 
light to maintain dimensional integrity in all conditions of 
use. These conditions may vary from very cold, dry win- 
ters to very hot summers with high humidity. In addition 
to these material performance requirements, the cus- 
tomer and the manufacturer is keenly interested in keep- 
ing the number of parts and the cost of the lighting as- 
semblies at a minimum. In addition, with so many lights 
and lighting assemblies on any one vehicle, it would be 
desirable if at least one of the many lights on a vehicle 
could be removed. That is, it would be desirable if at 
least one of the lights on a vehicle could be removed 
along with a source of power for use in emergencies. 
These emergencies could include use as marker flares 
along a road, or for general illumination at night in emer- 
gency service. In addition, since lighting assemblies 
provide an interface between a vehicle and the environ- 
ment in which the vehicle functions, it may be econom- 
ical to provide additional functions suitable for an inter- 
face into the assembly. These additional functions may 
include radar detection, tollway acknowledgement and 
payment, a vision camera or sensor, and otherfunctions 
useful or necessary in a motor vehicle. 
[0004] What is needed is a lighting assembly that has 
fewer parts, is made for a low cost, and is sufficiently 
modular that it may provide additional functions. What 
is also needed is a lighting assembly in which at least a 
portion of the assembly could be removed from a vehicle 
for remote lighting service. 



Brief Summary of the Invention 

[0005] According to the invention, there is provided 
an integrated light and accessory assembly for a motor 
5 vehicle, comprising: 

an insulator; 

at least one reflector mounted on said insulator; 
at least one conductor mounted on said insulator; 
10 at least one lamp connected to said at least one 
conductor and assembled inside said at least one 
reflector; 

at least one module mounted on said insulator and 
connected to said at least one conductor; and 
15 a housing, enclosing the insulator, the at least one 
reflector, the at least one conductor, the at least one 
lamp and the at least one control module, 

wherein the lamp and the reflector are adapted to pro- 
20 vide illumination, and the conductor and controller are 
adapted to receive electrical power. 
[0006] One embodiment is an integrated light and ac- 
cessory assembly for a motor vehicle, the assembly in- 
cluding an insulator, at least one reflector bonded to the 

25 insulator, at least one conductor bonded to the insulator, 
and at least one lamp connected to the at least one con- 
ductor, the lamp assembled inside the reflector. The as- 
sembly also includes a control module mounted on the 
opposite side of the insulator, such as a plug-in module, 

30 and connected to the at least one conductor, the control 
module acting as a controller or power supply for the at 
least one lamp. While plug-in modules may be used, 
modules may also be assembled in other manners, such 
as by soldering or brazing. The lamp and the reflector 

35 are suitable for providing illumination for a motor vehicle, 
and the lamp and reflector may be used as a headlight, 
a turn light, a side running light, a parking or running 
light, a flasher light, a fog light, or a taillight. The lamp, 
the reflector, the insulator and the conductor, and the 

40 control module are contained within a housing, which 
may act as a lens for the light assembly. 
[0007] Also according to the invention, there is pro- 
vided a method of manufacturing an integrated light and 
accessory assembly for a motor vehicle, the method 

45 comprising: 

furnishing at least one metal foil; 
selectively etching the at least one metal foil to form 
at least one trace; 
so molding or bonding the at least one foil to an insu- 
lator; 

connecting a module and a lamp to the at least one 
trace, whereby the control module and lamp con- 
nect to a source of electric power; and 
55 enclosing the foil, the insulator, the lamp and the 
module in a housing. 



[0008] The invention further provides a method of 
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Figure 4 is another embodiment of a composite 
structure for supporting and providing power to the 
lamps; 

5 Figure 5 is a yet another embodiment of a compos- 
ite structure for supporting and providing power to 
the lamps; 

Figure 6 is a plan view of the backside of an inte- 
10 grated light assembly; 

Figure 7 is an alternate plan view of the backside of 
an integrated light assembly; 

15 Figure 8 is an alternate plan view of the backside of 
an integrated light assembly; 

Figure 9 is an alternate plan view of the backside of 
an integrated light assembly; 

20 

Figure 10 is an alternate plan view of the backside 
of an integrated light assembly; 

Figure 11 is an isometric view of the front of an in- 
25 tegrated light assembly; 

Figure 12 is atop view of an alternative embodiment 
of an integrated light assembly; 

30 Figure 13 is a top view of another embodiment of 
an integrated light assembly; 

Figure 14 is a side view of an embodiment of an 
interior integrated light assembly, such as an instru- 
35 ment cluster; 



manufacturing an integrated light and accessory as- 
sembly, the method comprising: 

furnishing a reflective layer; 
molding the reflective layer between a first layer and 
a second layer of plastic; 

adhering a conductive layer to one of said layers of 
plastic, forming a structural layer that comprises the 
reflective layer, first and second layers of plastic, 
and the conductive layer; 

mounting at least one illuminating lamp to said 
structural layer; 

mounting at least one device to said structural layer, 
the device selected from the group consisting of a 
sensor, a module, a control module, an energy stor- 
age device, a transmitter, a transponder and an an- 
tenna; 

connecting said at least one illuminating lamp and 
said at least one device to said at least one traces; 
and 

enclosing the structural layer, the at least one illu- 
minating lamp, and the at least one device in a 
housing. 

[0009] One embodiment of the invention is a method 
of manufacturing the integrated light assembly. It has 
been found economical to use metal foils for certain as- 
pects of light assemblies. The method thus includes fur- 
nishing at least one metal foil, and molding the metal foil 
to an insulator. The metal foil may be copper or alumi- 
num, or may be a copper-aluminum bi- or tri-metallic 
composite foil, having an inner layer of aluminum and 
outer layers of copper. The layers may be separated by 
layers of insulative material. Once formed and molded 
to an insulator, the metal may be selectively etched to 
leave copper or aluminum traces where conductive 
paths are desired on one side of the insulator. A control 
module and a lamp are then connected appropriately to 
the conductive traces, so that the control module and 
the lamp are connected to a source of electric power. *o 
The insulator, the etched foil, the lamp and the control 
module are then enclosed in a housing. 

Brief Description of the Drawings 

[0010] The invention will now be described in greater 
detail, and by way of example only, with reference to the 
accompanying drawings, in which: 

Figure 1 is a block diagram of a prior art light as- 50 
sembly; 

Figure 2 is a top view of an integrated light assem- 
bly; 

55 

Figure 3 is an embodiment of a composite structure 
for supporting and providing power to the lamps; 



Figure 1 5 is a flow chart for a method of manufac- 
turing the integrated light assembly; and 

Figure 1 6 is a flow chart for an alternate method of 
manufacturing the integrated light assembly. 

Detailed Description of the Invention 

[0011] Figure 1 is a prior art automotive headlight or 
taillight assembly 100. The assembly 100 includes a 
housing 102, which may also act as a lens for the road 
illumination lamps 104, a park/run lamp 106, a turn lamp 
108 and a side marker lamp 110. Each lamp is secured 
to the housing and connected, typically with a harness 
connector 112, 114, 116, 118, 120, through harnesses 
122, leading to a fuse panel/controller module 1 24. It is 
both time-consuming and costly to assemble such a de- 
vice onto a truck or an automobile, when considering 
the number of electrical and mechanical connections re- 
quired by such an assembly. 

[0012] Figure 2 is an embodiment of an integrated 
light assembly 200, suitable for use as a headlight as- 
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sembly, a taillight assembly, or as a side light or parking 
light assembly, providing Illumination for an automobile 
or a truck. The assembly 200 Includes a housing 202, 
of which one portion may act as a lens for the lamps 
inside the housing. The assembly also includes a sub- 
strate or insulation layer 204. The insulation layer 204 
is sufficiently stiff to resist deformation under automotive 
use environments, including all-weather conditions, hu- 
midity, vibration, shock and cyclic fatigue. The Insulation 
layer 204 has a metal foil 206 on one side and has a 
conductive layer 208 on the other side. A first lamp 210, 
for instance, a low-beam lamp, Is secured to the sub- 
strate 204 and Is mounted in a reflector 212, for reflect- 
ing the light from the lamp and directing the light in the 
desired direction. Conductive path or traces 214 con- 
duct power to the first lamp 210. 
[0013] The lamp may be any lamp capable of emitting 
useful illumination for the vehicle, including incandes- 
cent lamps, light-emitting diodes (LEDs), or a high-In- 
tensity discharge (HID) lamp. LEDs may comprise an 
array of several or many LEDs, such as a cluster of 
LEDs arranged for maximum reflectivity and illumina- 
tion. A second lamp 216, such as a high-beam lamp, 
may also be mounted to the substrate 208, housed with- 
in a reflector 218, and connected to electric power by 
conductive traces 220. The traces connecting lamps 
210, 21 6to electrical power receive power from acontrol 

module 226. 

[0014] The control module 226 may have one or more 
functions. The module may be a power supply, receiving 
12-volt power from an automotive battery and perform- 
ing power conversion on incoming power, such as a DC- 
to-DC power supply. The control module may provide a 
voltage regulating function. The control module may 
function as a current source, for instance, If one or more 
lamps are LED clusters, requiring a current-controlled 
power supply. The control module may function as a DC- 
to-AC power supply, if one of the lamps is a HID lamp, 
requiring 24-30 volts AC power rather than 12 volts DC. 
[001 5] A device 222 offering an additional function is 
also mounted on the substrate 204, and Is connected 
by traces 224 to a control module 228. In this embodi- 
ment power and control for the modules are connected 
through conductors 230, 232. The device 222 offering 
an additional function may be one of many types or 
kinds. The device may be a railway transponder, allow- 
ing for the automatic collecting of tolls on a highway and 
the automatic debiting of the customer* account. In one 
embodiment, the control module 228 may only need to 
supply power to the transponder. In other embodiments, 
the module may contain sufficient memory to allow a 
motorist to check an account balance or total tollway 

spending. . _ 

[0016] In other embodiments, the device may be a 
transponder or communicator enabling automatic pay- 
mentor billing forfuel or other purchases at vendors em- 
ploying the appropriate communications. Other applica- 
tions may provide for communications with a garage- 



door opening device, enabling an vehicle to automati- 
cally open a garage door and turn on a light ins.de a 
oarage upon approach. 

m017] Other devices may also be useful, including an 
5 antenna,asensororatransmltter.Anantennamayemlt 

signals from an active device on board a truck or an au- 
tomobile. The signals may include an emergency signal 
from an accelerometer or a safety device, such as an 
alrbag that has been activated. The signal may be sent 
w to a roadway emergency center. The antenna may also 
receive signals and pass them on to a communication 
center or other vehicular communications controls. A 
sensor may include a radar detector, detecting a radar 
signal and sending a warning to a vehicle operator or 
is vehicular control. Other sensors may include those for 
receiving signals indicative of a global positioning sys- 
tem (GPS), which signals may be processed by a control 
module in the assembly or elsewhere on the vehicle, to 
inform an operator of the vehicle of his or her location. 
20 A transmitter may include a video camera or an active 
radar transmitter for collision avoidance, sending a sig- 
nal to a control module mou nted In the assembly or else- 
where on the vehicle. 

[001 8] Devices with still otherf unctions and other con- 
25 trol modules may also be used. These devices may in- 
clude other collision avoidance sensors or detectors, ve- 
hicle health-monitoring devices or sensors, steenng 
sensors, and the like. Health-monitoring devices in- 
clude, but are not limited to, control and monitoring mod- 
30 ulesfortemperature sensors, tire-pressure sensors, oi^ 
pressure sending units, hydraulic pressure sensors, and 
voltage or current monitoring modules. Other modules 
may include, but are not limited to, electric brake mod- 
ules regenerative braking modules, steer-by-wire mod- 
35 ules. brake-by-wire modules, and active suspension 
system modules. Other applications may include video 
or infrared or laser or radar sensing of obstacles or con- 
trollers responding to items sensed. These integrated 
assemblies may thus be used for adaptive cru.se con- 
40 trol pre-crash sensing, obstacle detection, obstacle 
avoidance, and other directional or security functions. 
[0019] The substrate 204 of the light assembly plays 
an important part in the structural and cost designs of 
the assembly. The substrate is ideally about 2 mm to 
45 about 5 mm thick (about 0.075 to about 0.200 inches 
thick) and has sufficient rigidity to resist deformation un- 
der automotive use conditions. These conditions in- 
clude environmental temperature, humidity, stress, vi- 
bration, shock, and fatigue. In addition, the substrate 
so must resist the extra environmental loads of a lighting 
assembly, that is, the heat generated by the lamps and 
concentrated near the lamps. The substrate may be 
made from any suitable insulating material, and may be 
reinforced, for instance by glass fibers. 
55 [0020] Materials that have been found suitable in- 
clude, but are notllmited to, polycarbonate, acrylonltrile- 
butadiene-styrene (abs) polymers, reinforced polypro- 
pylene, and nylon, among others. Other materials may 
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also be suitable, so long as they are electrical insulators 
and possess the desired degree of rigidity. 
[0021] The substrate may be laminated with metals 
on one or both sides. On the lamp side, it is desirable to 
have an aluminum reflector surrounding the lamp. Alu- 
minum and aluminum alloys have sufficient reflectivity 
for this purpose. In one embodiment, aluminum is bond- 
ed to the substrate when the two are molded together. 
The molding may be performed in a tool that shapes the 
combined substrate and surface layer of aluminum into 
the shape of a reflector. In some instances, an aluminum 
foil, about 0.075 mm to 0.250 mm thick (0.003 to 0.010 
inches thick) is insert-molded in an injection-molding or 
compression-molding process. For smaller volume pro- 
duction, the aluminum foil may be adhesively bonded to 
the substrate before the forming operation takes place. 
It is not necessary for the aluminum to be co-extensive 
with the plastic substrate, but there are considerable ad- 
vantages in removing heat from the lamps and the as- 
sembly If the aluminum is coextensive with the plastic, 
acting as an extended surface to conduct heat away 
from the areas near the lamps and out toward the pe- 
riphery of the light assembly. If desired, portions of the 
aluminum may be masked and other portions etched 
away if it is desired to selectively remove some of the 
aluminum remaining after molding or bonding to the 
substrate. 

[0022] The light assembly is economical to manufac- 
ture if a conductor is applied on the other (non-lamp) 
side of the assembly. A thin cladding of copper is desir- 
able as an electrical conductor, bringing power from the 
control modules or external conductors to components 
on the light assembly. A thin layer of copper, desirably 
about .01 3 mm to about 0.051 mm thick (0.0005 to 
0.002 inches thick) is bonded to the substrate. The sub- 
strate may be molded onto the copper, such as by insert 
molding in an injection-molding or compression-molding 
process. The copper may also be adhesively bonded to 
the substrate if volumes are not sufficiently high to justify 
a high-volume molding process. Once the substrate is 
molded, bonded or clad onto the copper, portions of the 
copper to be retained as conductor traces or returns is 
masked. The copper is then etched, or selectively re- 
moved, from areas where the copper is not desired. Ex- 
tra copper not interfering with electrical performance is 
desirably retained on the back side of the substrate, 
since the extra copper also acts as an extended surface, 
removing heat from areas near heat sources, such as 
control modules, and conducting heat to the periphery 
of the light assembly. More than one layer of copper, 
each layer separated by an insulating layer, may be 
used. For instance, a ground plane layer of copper or 
aluminum or both may be desirable. Other discrete or 
combined components may be assembled or mounted 
atop the substrate, connected by traces left from copper 
etch processes. If there are numerous components, one 
or more layers of copper may be required for traces to 
connect all the components. It may be convenient to 



mount a small circuit board, such as a voitage or current 
regulator made from surface-mounted electrical/elec- 
tronic devices, rather than trying to assemble such de- 
vices separately. One layer of copper or aluminum or 
s both may be used as a supply or return. All of these em- 
bodiments are meant to be included in the claims below, 
"copper" includes any useful copper alloy. 
[0023] Figures 3-5 contain examples of composite 
materials with multiple layers of conductive, insulative, 
10 and reflective materials. Useful embodiments include 
several combinations of layers of materials. Figures 3a 
and 3b depict a structure in which a lamp 300,320 has 
a reflective layer 302,322 immediately beneath and fac- 
ing the lamp, for maximum reflectivity and illumination. 
is in Figure 3a, lamp 300 is backed by reflective layer 302, 
desirably aluminum or other reflective material, such as 
a silvered surface or a highly polished reflective copper 
surface. Insulating layer 304 insulates the reflective lay- 
er 302 from conductive traces in layer 308. Insulating 

20 layer 304 may be any suitable, thin electrical insulator, 
such as 0.025 mm (0.001 inches) of Kaptor*8> or No- 
mex® insulation. The lamp has contacts 306 for receiv- 
ing electrical power from traces or contacts in a flexible 
circuit or circuit pattern in layer 308. The traces or con- 

25 tacts are insulated from aluminum layer 302 or other 
conductive layers. Substrate 310 is a relatively rigid 
plastic or composite material, capable of supporting 
lamp 300 and other objects mounted to the substrate, 
such as control modules and the like. Substrate 310 is 

30 desirably about 1 .9 mm to about 5.1 mm thick (about 
0.075 to about 0.200 inches thick). 
[0024] Figure 3b is an alternate embodiment of the 
layered structure of Figure 3a, in which at least the top 
two layers, reflective layer 322 and insulating layer 324 

35 are formed in the shape of a reflector-dish for mounting 
and reflecting lamp 320. A conductive layer 328 has 
conductive paths or traces to provide electrical contact 
with lamp contacts 326. In one embodiment, a layer of 
copper is adhered or bonded to insulative, structural 

40 substrate 330, and is etched to leave conductive traces 
or paths. The substrate and traces are then bonded to 
reflective layer 322 and insulating layer 324. The bond- 
ing may be accomplished by adhesively bonding the lay- 
ers. Alternatively, a reflective layer 322 may underlay an 

^5 insulative layer 324 and traces in layer 328. The sub- 
strate layer 330 may then be insert molded directly to 
the other layers, for instance by injection molding or 
compression molding. Afterwards, the lamp is assem- 
bled and electrical contact is made with the traces in lay- 
so er 328, by using through-hole soldering or joining tech- 
niques, or other methods to make electrical contact. 
[0025] Figures 4a and 4b depict another embodiment 
of a composite structure. In the embodiment of Figure 
4a, a flat structure includes a substantially clear insulat- 

55 ing substrate 402, such as unpigmented polycarbonate 
mounting a lamp 400. A reflective layer 404, desirably 
aluminum or other highly reflective surface, backs up the 
clear insulating plastic. The plastic is desirably molded 
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or adhesively bonded to the aluminum or other highly- 
reflective surface. A third layer, insulating layer 406 may 
be flex -print or other insulating layer containing conduc- 
tive traces or wires, and providing electrical power to 
lamp 400 through lamp contacts 41 0. Alternatively layer 
406 may be a first insulating layer followed by a conduc- 
tive layer, such as copper. Lamp contacts 410 are insu- 
lating to prevent electrical contact with conductive layer 
404. A final insulative layer 408 may be needed to pro- 
vide electrically insulation for electrical contacts or trac- 
es in layer 406. 

[0026] Figure 4b depicts an embodiment in which the 
clear plastic layer 422 and the reflective/conductive lay- 
er 424 have been molded or bonded together for mount- 
ing lamp 420 and providing a reflective layer 424 behind 
the plastic substrate 422. An insulative layer 426 and a 
conductive layer 428 are then bonded to the reflective 
layer 424. Lamp terminals 430, 432 connect to a power 
supply and return through conductive layers 424, 428. 
Alternatively, layer 426 may be two layers, including a 
first, thin insulating layer followed by a conductive layer, 
such as copper. The copper may be etched before final 
assembly to leave conductive traces as desired for mak- 
ing electrical contact with lamp leads 430. 
[0027] Figures 5a and 5b depict embodiments in 
which structural plastic layer 502 is mounted nearest the 
lamp, backed by reflective layer 504, and with the rear- 
most layers providing appropriate electrical conductors 
and insulators. In Figure 5a, plastic or reinforced plastic 
substrate 502 mounts lamp 500. The plastic is desirably 
a translucent, optically clear, non-pigmented plastic, 
such as polycarbonate. A reflective layer 504 is under- 
neath plastic layer 502, for reflecting light from lamp or 
LED 500. In one embodiment the reflective layer 504 is 
made of a conductive material, such as polished alumi- 
num. It is also possible that since the material is con- 
ductive, it may be used to conduct electricity, such as 
electric power to the lamp, or a return or ground from 
the lamp to an external contact. In Figure 5a, one con- 
tact 51 2 from lamp 500 is shown connecting to layer 504 
as either an source or a return of electric power. The 
next layer 506 may be an insulating layer, such as a thin 
layer of Kapton® or Nomex® insulation. Layer 508 may 
be a conductive layer, such as a copper foil, etched to 
leave conductors or traces as desired. Lamp 500 is de- 
picted as having a contact 512 receiving electric power 
from a trace in layer 508. The last layer 51 0 is desirably 
another layer of insulating material, and may be a thin 
layeror alternatively may be athick layer, such as aback 
surface of a housing of the light assembly. 
[0028] In one embodiment, a layer of copper is bond- 
ed to insulating layer 510 and is etched to leave traces 
as conductive layer 508. An insulating layer 506 is bond- 
ed or overlaid on the conductive layer 508, as is overlaid 
by reflective layer 504. This assembly may then be used 
as in insert for when plastic substrate 502 is molded, as 
in an injection-molding or compression molding proc- 
ess. Alternatively, the assembly may be made by hand 



or by other methods. The layers may be bonded to each 
other with adhesives or film adhesives, and the film ad- 
hesives may function as an insulating layer, such as lay- 
er 506. 

5 [0029] Figure 5b depicts an embodiment in which at 
least the top layer 522 is formed to enhance the reflec- 
tivity of the lamp 520, i.e. with a bright, shiny, reflective 
surface. The construction of the composite layer struc- 
ture in Figure 5b may proceed as described for Figure 
10 5a, where it is understood that the curved surface is a 
three-dimensional conical or ellipsoid shape. Top layer 
522 is desirably a structural, translucent, optically clear 
electrically-insulating plastic, underlain by a reflective, 
conductive material 524. Layer 524 provides a positive 
15 power supply or return for lamp 520 through contact 532 
in layer 524. In one embodiment, layer 524 may be a 
ground plane or a positive voltage supply. Insulating lay- 
er 526 underlies conductive layer 524 and is followed 
by second conductive layer 528. Layer 528 may be a 
copper foil or copper plate that is etched to provide trac- 
es where desired, to provide electrical power or return 
to lamp 520 through lamp contact 532. The bottom layer 
is insulating layer 530. 

[0030] Figure 6 is a view of a back of a substrate in 
the integrated light assembly. The substrate 600 is de- 
sirably made from one of the plastic or insulating mate- 
rials mentioned above. The substrate is molded or bond- 
ed onto a copper foil or conductive layer. The conductive 
layer is then etched, leaving the traces 604, 624, 626, 
and also traces 612, 622. The width of the traces may 
be determined by electrical design, e.g., for current car- 
rying capacity or desired voltage drop. The traces may 
also extend out of the plane of the substrate for direct 
connections, as shown in Figure 2 by conductors 230, 
232. Such out-of-plane conductors are indicated in each 
of the Figures by small dots at the end of a trace. Thus, 
in Figure 6, conductors 606 are electrical connections 
to the traces 604. Conductors 606 may be traces that 
have been bent out of the plane of the substrate, con- 
nected to module 602. Module 602 is mounted to the 
substrate 600, and receives power from conductors 606 
through traces 604. Module 602 may be any of the func- 
tional modules mentioned above, such as a tollway 
transponder or an antenna. Figures 6-10 depict the rear 
of the substrate, with traces connecting command/ com- 
munications and external powerto various modules and 
features of the rear of the substrate. The actual func- 
tions, such as headlights, flashers, antennae, sensors, 
etc., may be mounted on the front of the substrate and 
are thus are not depicted on the rear of the substrate. 
[0031] Figure 6 also depicts lighting control modules 
610, 620, mounted to the substrate 600 and connected 
by traces 624, 626, 628 to conductors 630. conductors 
630, 606 may be further gathered into a connector (not 
shown) at the rear of a housing (not shown), which en- 
closes all the above components and may then be con- 
nected through a wiring harness to a vehicle controller 
and source of electric power. Lighting control module 
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610 may be a driver or a power source or controller for 
a low beam lamp (not shown) on the other side of the 
substrate 600. Two conductors 612 connect the module 
61 0 to the low-beam lamp, the abrupt ending of the con- 
ductors suggesting a right-angle turn into or out of the 5 
substrate. In similar fashion, module 620 may be a con- 
troller or power source for a high beam lamp (not shown) 
on the other side of the substrate 600, connected by 
traces or conductors 622. 

[0032] Figure 7 depicts another embodiment of a sub- 10 
strate 700 with numerous modules and traces mounted 
thereon. Control module 704 mounts onto the substrate 
700 and receives only th ree inputs from the vehicle con- 
trol through conductors/traces 702. These three inputs 
may be a communication/ command circuit, positive 15 
power, and ground or negative power. Control module 
704 may include a microprocessor controller or other 
control device, and may also include a printed circuit 
board with other components and functions. These 
functions may include one or more memories, a battery 20 
or capacitor for storing electrical energy, and other func- 
tions. 

[0033] Control module 704 is connected to other mod- 
ules or controllers 708, 71 0, 71 4 and 71 8 by traces 706. 
In one embodiment, module 708 is a mechanical con- 25 
nector -for an antenna (not shown) mounted on the op- 
posite side of substrate 700. Module 71 0 may be a con- 
trol module for a high-beam headlight, supplying power 
via traces 71 2, while module 71 4 may be a control mod- 
ule for a low-beam headlight, supplying power via traces 30 
716. Module 718 may be a functional module of one of 
the functionalities mentioned above, such as a power 
storage module or an active or passive external auto- 
motive function. In one embodiment, module 718 is a 
battery or capacitor that stores power and allows oper- 35 
ation of one or more of the lamps when the auto battery 
is dead, or during emergency situations. 
[0034] Figure 8 is another embodiment depicting the 
rear of the substrate 800, with control module 804 
mounted on the substrate 800 and connected external 40 
power/control by conductors 802. In this embodiment, 
the controls and the power supplies for headlights are 
contained within the control module. Power to the low 
beam lamp is supplied through traces 806 to connectors 
808, while power for the high beam lamp is supplied 45 
through traces 806 to connectors 810. In this embodi- 
ment, traces 806 also connect power and control to 
module 812, which controls an emergency flasher (not 
shown) through traces 814. The embodiment also in- 
cludes battery 81 6 and radar detector modu le 8 1 8 , both so 
connected to sources of power and control by one or 
more traces 806. While two traces are shown for con- 
venience, it is understood that the embodiment is meant 
to include as many traces or conductive paths as nec- 
essary for the functioning of any given module. ss 
[0035] Figure 9 depicts an embodiment with a number 
of functions. Control module 904, as well as all other 
modules depicted, mounts to substrate 900. Module 904 



is connected to external control, command and power 
via conductors 902. Battery 908 connects to the control 
module through traces 906, as does battery charger 
910. Battery charger 910 receives power from the con- 
trol module and charges battery 908 for readiness in 
emergency situations. The battery-charging function 
may be a simple DC-to-DC function, taking power from 
the automotive battery while the vehicle is operating; or 
it may be more sophisticated, such as utilizing power 
only from a regenerative braking operation or re-charg- 
ing of the vehicle battery. 

[0036] The embodiment of Figure 9 also depicts low- 
beam control module 912, connected to the control 
module 904 via traces 906 and supplying power through 
conductors 914 to a low beam lamp (not shown). Hi- 
beam control module 916 receives commands and pow- 
er through traces 906 and supplies power to a high 
beam lamp (not shown) through conductors 918. Flash- 
er module 920 similarly receives commands and power 
through traces 906 and supplies power to an emergency 
flasher (not shown) via conductors 922. This embodi- 
ment also includes an active radar transmitter/receiver 
module 924, receiving power through traces 906 and re- 
laying information back to the control module 904, such 
as information concerning obstacles or objects a motor- 
ist should avoid. Such information could be part of a col- 
lision-avoidance system, or could be used to alert an 
operator of the vehicle. 

[0037] Figure 10 depicts yet another embodiment, 
with a number of modules mounted to the substrate 
1000. Included are command/control module 1004, con- 
nected by traces 1 002 to external power and command/ 
communication. In this embodiment, the command 
module 1004 supplies alt power and controls for traces 
leading to a hazard/warning leads 1008, traces leading 
to low-beam lamp leads 1010, and traces to high-beam 
lamp leads 1012. Functional modules mounted to sub- 
strate 1000 may also include a battery or storage medi- 
um 1014 and a battery charger 1016. Other modules 
and functions may include a sensor 1018 and a radar 
transmitter or detector 1020. 

[0038] Figure 11 is an isometric front view of an em- 
bodiment of an integrated light assembly 1 100. The as- 
sembly includes an insulative plastic structural layer 
1102, and is bonded to reflector-shaped areas 
1104,1108. The reflector layers may be made of a re- 
flective material, such as polished aluminum and the 
layers may be coextensive with and overlay structural 
plastic layer 1102. Apertures (not shown) may be pro- 
vided for mounting illumination lamps 1106,1110 in the 
reflective-shaped areas 1104,1008. Also depicted in 
Figure 11 are additional functional modules, such as ra- 
dar detector 1112, antenna 1114, and tollway transpond- 
er interface 1116. 

[0039] Figure 1 2 depicts a top view of another embod- 
iment of an integrated light assembly 1 200. The compo- 
nents depicted are housed in housing 1 202, whose front 
portion may be a translucent, clear plastic, for a head- 
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light type assembly, or may be of a colored plastic, such 
as red or amber for a rear light or side light or parking 
light assembly. Light assembly 1 200 includes a laminat- 
ed composite structure to mount lamps 1216,1220, 
module 1222, and control modules 1224,1226. In one 
embodiment, top layer 1204 is a thin, aluminum foil, 
forming reflector surfaces 1214,1218for better reflectiv- 
ity for lamps 1216,1220. Reflector layer 1204 lies atop 
structural plastic layer 1206, which is insulative glass- 
reinforced polypropylene, about 3.18 mm thick (about 
0. 1 25 inches thick). Adhesive layer 1 208 bonds conduc- 
tive layer 1210 to the structural plastic layer 1206. Con- 
ductive copper layer 1210 has been etched to leave con- 
ductive traces for electrical connections. Insulative layer 
1212 is a thin layer of adhesive-backed Kapton® insu- 
lation, bonding to the conductive layer 1210 and to the 
structural plastic layer 1206 where the conductive cop- 
per layer has been etched. Sensor 1222 mounts to the 
reflective layer and the structural plastic layer. Modules 
1 224 and 1 226 mount to the structural plastic layer also, 
taking care to insulate any conductive portions so as not 
to interfere with the electrical aspects of the assembly. 
The traces of layer 1210 connect to a male connector 
1 228, facilitating the assembly and disassembly of the 
integrated light assembly onto a motor vehicle. 
[0040] Figure 13 depicts another embodiment of an 
integrated light assembly, this embodiment including a 
single lamp assembly 1 300 which may be used as a side 
lamp assembly or rear lamp assembly. The lamp assem- 
bly has a housing including a front portion 1302 and a 
back portion 1303 which are secured together by any 
convenient means of assembly (not shown), including 
adhesrves, snap-fit features, plastic welding or mechan- 
ical fasteners, such as bolts, nuts and screws. The front 
portion 1302 is desirably a colored plastic, such as red 
or amber colors used for taillights or side lights. The 
back portion 1 303 may be any convenient plastic or ma- 
terial. The internal structure is a multi-layered composite 
structure, including a first clear plastic layer 1304, fol- 
lowed by a reflective aluminum layer 1306. These outer 
two layers are formed into a conical or ellipsoidal surface 
for better reflecting the light generated by lamp 1316. 
Lamp 1 316 may be an LED cluster, or may be an incan- 
descent lamp. Alternatively, if the assembly is an auto- 
motive hazardous warning flasher, rather than a side 
light or parking/running light, the lamp may be a high 
intensity discharge (HID) lamp. 
[0041] Layer 1 308 may be a second plastic structural 
layer to provide better support under the reflective layer 
1 306, and also to insulate the reflective layer 1 306. Lay- 
er 1 31 0 may be a conductive layer, made of flex print or 
of a conductor that has been etched to leave conductive 
traces where desired for connection to lamp 1316 and 
to modules 1318 and 1320. Layer 1312 then insulates 
layer 1 31 0 from modules 1318 and 1 320. In one embod- 
iment, module 1318 is a battery for operating the light 
assembly remotely when disconnected from the vehicle, 
while module 1 320 is a battery charger for charging the 



battery. Switch 1322 enables a user to turn on the light 
assembly when disconnected from the vehicle and a 
source of illumination is desired. Connector 1324 ena- 
bles convenient connecting and disconnecting of the as- 

5 sembly from a motor vehicle. 

[0042] The above embodiments have concentrated 
on exterior lights of an automobile or automotive vehicle. 
An integrated light and accessory assembly may also 
be used in the interior of a vehicle. Uses may include a 

10 dome light assembly, an instrument panel light, a center 
bezel light, a climate control center light, and an enter- 
tainment center light, as well as other interior lighting 
assemblies. These other interior lighting assemblies 
may include a radio face or a radio control head, a cli- 

15 mate control head, a center console illumination face, 
and an overhead console illumination face. Figure 14 
depicts an embodiment 1400 of an interior light and ac- 
cessory assembly. The assembly 1400 may fit behind 
an instrument panel 1402 for back lighting, or may 

20 placed in plain view, as for a center dome or rear dome 
light, or puddle or foot well light assemblies, in a pas- 
senger car. 

[0043] The assembly may Include a housing 1404, 
and a connector 1406 for connection to a harness or 

25 other wiring. One or more lamps 1408 are connected by 
layers of conductive or insulative material. In this em- 
bodiment, a reflective/conductive layer 1414 as de- 
scribed above may overlay an insulative layer 1416 and 
a second conductive layer 1418. In one embodiment, 

30 the three layers 1 41 4-1 416-1418 are an etched bi-metal 
material, in which the second conductive layer 1418 is 
selectively etched to provide conductive paths to lamp 
terminals 1410, 1412, such as a power supply and re- 
turn. The three layers may also be bonded to a portion 

35 of the housing 1404, insulative layer 1420, which may 
be a wall of the housing 1404. A discrete solder-mount- 
ed device, a switch, or a plug-in module 1422 may con- 
trol the light assembly, for instance, by timing the max- 
imum or minimum times the light may be light, or by in- 

40 corporating any of the other properties of sensors or 
modules mentioned above. 

[0044] In addition to the integrated light assemblies 
described above, there are embodiments of a method 
of manufacturing the integrated light assemblies. Two 

45 of the methods are depicted i n Figure 1 5 and Figure 1 6. 
In Figure 15, the method includes molding or forming a 
reflector from a reflective material, such as aluminum, 
or a metal composite material, such as etched tri-metal, 
a layered structure having a layer of aluminum between 

so two layers of copper. The reflector may be thick enough 
to be a structural material for an integrated light assem- 
bly, or the metal may be very thin, for example in the 
range 0.03 mm to 0.13 mm, of polished, reflective ma- 
terial. In one method, a thin structure or material for such 

55 a structure is formed 1502. Portions of the metal are 
then masked 1504 and etched away 1506, in order to 
form conductors. In one embodiment, if a layered ma- 
terial of aluminum and copper is used for the reflective 
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surface, the copper layer may be etched so as to leave 
traces or conductors on the surface for conducting elec- 
tricity. In other embodiments, other materials may be 
used. The reflector material is then placed into a tool 
1508 and shaped into place in the tool 1510. A sub- 5 
strate, such as a substrate made from thermoplastic or 
thermoset molding material, is then molded 1512 
around the reflective and conductive materials. A ther- 
moplastic material may be made using an injection 
molding process, while a thermoset material may be 10 
made using a compression or other molding process. If 
necessary, other insulators may be added to insulate 
any portions of the conductive layer 1 51 4. If desired, fur- 
ther conductors or layers of conductors may be added, 
and then insulated suitably for all-weather, automotive is 
use 1516. If a circuit board or circuit card assembly is 
part of the integrated light assembly, it should be added 
to the light assembly 1518. Any other modules desired 
may also be assembled 1 520 for the light assembly. The 
necessary connections or connectors may be added 20 
1522, and the assembly completed 1524. 
[0045] It should be understood that the method is not 
limited to this order of making, and that other steps may 
be added, or used in lieu of certain of the enumerated 
portions herein. For instance, in some embodiments, a 25 
layer of metal for electrical connections may be sepa- 
rated by a layer of insulation from the reflective layer. 
Thus, any etching may not affect the reflective layer, but 
will have the desired effect on the electrical connections 
layer, and make electrical connections only where de- 30 
sired. 

[0046] Another embodiment of a method is depicted 
in Figure 16. A user forms a reflector or reflector material 
from a reflective metal or from a material having at least 
one reflective surface 1 602. The metals may be any suit- 35 
able metals, especially aluminum, alloys of aluminum, 
copper, and alloys of copper. The material may be a lay- 
ered material, such as two or more layers of metal, or 
two layers of metal with an insulating layer between. If 
there is a layer of metal that should be etched to leave *o 
only desired conductive traces on one side, a user or 
manufacturer masks the portions 1604 which the man- 
ufacturer wishes to remain, and etches away the other 
areas of conductor 1606. The reflective portion is then 
placed into a tool 1608, the tool being suitable for ad- 45 
hering a substrate to the reflector 1 610. After the adher- 
ing process, a user may make any desired electrical 
connections 1612 for the lamps that will be mounted so 
that their light-emitting portions face the reflective por- 
tions of the adhered assembly, and their electrical con- so 
necting portions will face the opposite direction. Any 
necessary insulating may then be accomplished 1614. 
If a user desires to add additional conductors, they may 
be added, along with any layers or insulation desired 
1616. Modules or other components should have been 55 
assembled previously 1618, and may now be added 
1 620 to the integrated light assembly. Any other connec- 
tions desired may then be made 1622, and the assembly 
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completed 1624 for an automotive or vehicular assem- 
bly line. 

[0047] It is intended that the foregoing description il- 
lustrates rather than limits this invention, and that it is 
the following claims, including all equivalents, which de- 
fine this invention. Of course, it should be understood 
that a wide range of changes and modifications may be 
made to the embodiments described above. 



Claims 

1. An integrated light and accessory assembly for a 
motor vehicle, comprising: 

an insulator; 

at least one reflector mounted on said insulator; 
at least one conductor mounted on said insula- 
tor; 

at least one lamp connected to said at least one 
conductor and assembled inside said at least 
one reflector; 

at least one module mounted on said insulator 
and connected to said at least one conductor; 
and 

a housing, enclosing the insulator, the at least 
one reflector, the at least one conductor, the at 
least one lamp and the at least one control mod- 
ule, 

wherein the lamp and the reflector are adapted to 
provide illumination, and the conductor and control- 
ler are adapted to receive electrical power. 

2. An integrated light and accessory assembly as 
claimed in Claim 1 , in which said at least one mod- 
ule is an electronic module. 

3. An integrated light and accessory assembly as 
claimed in Claim 1 or Claim 2, wherein the lamp is 
selected from the group consisting of a headlamp, 
a fog lamp, a side lamp, a parking lamp, a hazard- 
warning lamp, a rear-illumination lamp, a dome 
lamp, and an interior lamp. 

4. An integrated light and accessory assembly as 
claimed in Claim 3, wherein the lamp is selected 
from the group consisting of an incandescent lamp, 
an LED, and a high-intensity discharge lamp. 

5. An integrated light and accessory assembly as 
claimed in Claim 4, wherein the at least one lamp 
is releasably mounted inside the housing. 

6. An integrated light and accessory assembly as 
claimed in any preceding claim, wherein the at least 
one module is selected from the group consisting 
of a lighting control module, a power supply, a bat- 
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tery charger, a voltage source, a current source, a 
timer, a sequencer, and a microprocessor control- 
ler. 

7. An integrated light and accessory assembly as 
claimed in any preceding claim, further comprising 
a device mounted to the substrate and connected 
to least one conductor inside the housing, the de- 
vice selected from the group consisting of an anten- 
na, a sensor, and a transmitter. 

8. An integrated light and accessory assembly as 
claimed in any of Claims 1 to 6, wherein the elec- 
tronic module is selected from the group consisting 
of a sensor, an antenna, a transmitter and a control- 
ler. 

9. An integrated light and accessory assembly as 
claimed in Claim 7 or Claim 8, wherein the sensor 
is selected from the group consisting of a light de- 
tector, a video camera, a radar detector, a laser de- 
tector, an ultrasound detector, and an infrared de- 
tector. 

10. An integrated light and accessory assembly as 
claimed in any of Claims 6 to 9, wherein the trans- 
mitter is selected from the group consisting of a toll 
transponder, a purchasing transponder, an RF 
transmitter, a microwave transmitter, and an IR 
transmitter. 

11. An integrated light and accessory assembly as 
claimed in any preceding claim, further comprising 
a power storage device mounted to the housing and 
connected to the at least one conductor 

12. An integrated light and accessory assembly as 
claimed in Claim 11 , further comprising a switch be- 
tween the power storage device and the at least one 
lamp. 

13. An integrated light and accessory assembly as 
claimed in any preceding claim, further comprising 
a functional module and an additional conductor, 
said functional module connected to said additional 
conductor, wherein said functional module is 
mounted to the insulator and is adapted to receive 
electric power from said additional conductor. 

14. An integrated light and accessory assembly as 
claimed in Claim 13, wherein the functional module 
is selected from the group consisting of a video 
camera controller, a radar detector controller, an ac- 
tive radar controller, a collision avoidance controller, 
a controller for a toll-collection device, and a health- 
monitoring sensor module. 

15. An integrated light and accessory assembly as 



claimed in any of Claims 1 to 12, wherein the con- 
troller is selected from the group consisting of a 
lighting module controller, a video camera control- 
ler, a radar detector controller, an active radar con- 
5 troller, a collision avoidance controller, a controller 
for a toll-collection device, and a health-monitoring 
sensor module. 

16. An integrated light and accessory assembly as 
10 claimed in any preceding claim, further comprising 
an additional layer of insulation mounted to the at 
least one conductor, and a ground plane or return 
mounted to the additional layer of insulation. 

is 17. A method of manufacturing an integrated light and 
accessory assembly for a motor vehicle, the meth- 
od comprising: 

furnishing at least one metal foil; 
20 selectively etching the at least one metal foil to 

form at least one trace; 
molding or bonding the at least one foil to an 
insulator; 

connecting a module and a lamp to the at least 
25 one trace, whereby the control module and 

lamp connect to a source of electric power; and 
enclosing the foil, the insulator, the lamp and 
the module in a housing. 

30 18. A method as claimed in Claim 17, in which the said 
at least one foil is molded to said insulator, and said 
at least one metal foil includes a second metal foil, 
and wherein molding the foils to an insulator forms 
at least one reflector on a first side of the insulator 

35 and a conductive path on a second side of the in- 
sulator. 

19. A method as claimed in Claim 17, in which the said 
at least one foil is bonded to said insulator, and 

40 wherein bonding is accomplished with an adhesive. 

20. A method as claimed in any of Claims 17 to 19, fur- 
ther comprising connecting a connector for an ex- 
ternal connection. 

45 

21. A method of manufacturing an integrated light and 
accessory assembly, the method comprising: 

furnishing a reflective layer; 

so molding the reflective layer between afirst layer 

and a second layer of plastic; 
adhering a conductive layer to one of said lay- 
ers of plastic, forming a structural layer that 
comprises the reflective layer, first and second 

55 layers of plastic, and the conductive layer; 

mounting at least one illuminating lamp to said 
structural layer; 

mounting at least one device to said structural 
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layer, the device selected from the group con- 
sisting of a sensor, a module, a control module, 
an energy storage device, a transmitter, a 
transponder and an antenna; 
connecting said at least one illuminating iamp 5 
and said at least one device to said at least one 
traces; and 

enclosing the structural layer, the at least one 
illuminating lamp, and the at least one device 
in a housing. to 

22. A method as claimed in Claim 21 , further compris- 
ing adhering an insulating layer to said conductive 
layer to form the structural layer. 



15 



23. A method as claimed in Claim 22, further compris- 
ing connecting a connector for an external connec- 
tion to said conductive layer. 
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